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,QWURGXFWLRQ
2QHRIWKHLPSRUWDQWGDWDPLQLQJPHWKRGLQELRPHGLFDOUHVHDUFKLVFODVVL¿FDWLRQWDVN2YHUWKHSDVWGHFDGHVD
ZLGH UDQJH RI FODVVL¿FDWLRQ DOJRULWKPV KDYH EHHQ SURSRVHG LQ OLWHUDWXUH WR WDFNOH YDULRXV FODVVL¿FDWLRQ SUREOHPV
&ODVVL¿FDWLRQDOJRULWKPVFDQEHGLYLGHG LQWR WZRFDWHJRULHVELQDU\DQGPXOWLFODVVFODVVL¿HUV7KH LQWHUHVWRI WKLV
ZRUN LV IRFXVHG RQ PXOWLFODVV SUREOHPV WKXV PDQ\ FODVVL¿FDWLRQ SUREOHPV LQ ELRPHGLFLQH KDYH WKH PXOWLFODVV
QDWXUH $GGLWLRQDOO\ UHFHQW DGYDQFHV LQ ELRPHGLFLQH SURYLGH DQ RSSRUWXQLWLHV IRU PROHFXODU ELRORJ\ VXFK DV
PHDVXUHPHQW RI DFWLYLW\ RI WKRXVDQGV RI PROHFXODU WLVVXH ELRPDUNHUV )RU H[DPSOH ZH FDQ XVH GDWD RI JHQH
H[SUHVVLRQ PHDVXUHG E\ '1$ PLFURDUUD\V RU 51$6HT WHFKQLTXH '1$ PHWK\ODWLRQ OHYHOV PHDVXUHG E\ '1$
PHWK\ODWLRQPLFURDUUD\VRUSURWHLQDQGSKRVSKRSURWHLQ OHYHOVPHDVXUHGE\ UHYHUVHSKDVHSURWHLQDUUD\+RZHYHU
WKHFRPELQDWLRQRISURWHRPLFVJHQRPLFVDQGRWKHUPRGHUQPROHFXODUWHFKQLTXHVLQWKH¿HOGRIFOLQLFDODSSOLFDWLRQV
VWXGLHVSURYLGHVDSODWIRUPIRUDFKLHYLQJDQHZGHSWKLQPROHFXODUSUR¿OLQJ>@1RZDGD\VFRPELQLQJPXOWLSOH
VRXUFHVRIGDWDWRLPSURYHWKHFODVVL¿FDWLRQDQDO\VHVLVDFKDOOHQJLQJWDVNLQELRLQIRUPDWLFV7KHPHWDDQDO\VLVRI
VXFKLQWHJUDWHGGDWDPHDVXUHGLQWKHVDPHVDPSOHVFDQLPSURYHFODVVL¿FDWLRQSRZHU:HKDYHWRXQGHUOLQHWKDWQRW
RQO\ WKHGLơHUHQW W\SHRI WKHGDWD ELQDU\GDWDHWFEXWDOVR WKHGLơHUHQWGDWD VFDOHFDQ OHDG WRSUREOHPV$ELJ
SUREOHPLQDSSO\LQJODUJHVFDOHJHQRPLFDQGSURWHRPLFGDWDIRUFODVVL¿FDWLRQSUREOHPLVWKHGLPHQVLRQRIWKLVGDWD
>@,QPRVWFDVHVVWDQGDUGVWDWLVWLFDOPHWKRGRORJ\GRHVQRWZRUNZHOOZKHQLQWKHFODVVL¿HGGDWDDUHPRUHYDULDEOHV
WKDQ VDPSOHV &ODVVL¿FDWLRQ WDVN RI VXFK GDWD LV KDUG WR SHUIRUP HVSHFLDOO\ LI ZH FODVVLI\ FRPELQHG GDWD 6RPH
VWXGLHVKDYHFRQVLGHUHGWKLVSUREOHP\HWWKH\PHUHO\IRFXVRQWZRFODVVSUREOHP
/DUJHVFDOHPHWDGDWDVHWGHVFULSWLRQ
,QWKLVVWXG\ZHXVHSXEOLFO\DYDLODEOHPXOWLFODVVJHQRPLFDQGSURWHRPLFGDWDVHWVRIKXPDQEUHDVWWXPRUV,WLV
LPSRUWDQWWRVWUHVVWKDWWKHGDWDVHWVRIDOOW\SHVLHPLFURDUUD\&KLS6HTDQGSURWHRPLFGDWDZHUHREWDLQHGIURP
WKH VDPHSDWLHQWVZLWKEDVDOOLNH FDQFHU  FDVHV/XPLQDO$  FDVHV DQG/XPLQDO%  FDVHV7KH
GDWDVHWFDQEHIUHHO\GRZQORDGHGIURP7KH&DQFHU*HQRPH$WODV7KHUHVXOWVVKRZQKHUHDUHLQZKROHEDVHGXSRQ
GDWDJHQHUDWHGE\WKH7&*$5HVHDUFK1HWZRUNKWWSFDQFHUJHQRPHQLKJRY
0HWKRGRORJ\
&ODVVL¿HUGHVLJQ
2SWLPDOGHVLJQRIWKHFODVVL¿FDWLRQV\VWHPIRUPXOWLFODVVODUJHVFDOHPHWDGDWDGHVFULEHGLQWKHSUHYLRXVVHFWLRQ
FRQVWLWXWHV FKDOOHQJLQJ FRPSXWDWLRQDO DQG FRQFHSWLRQDO SUREOHP 7R WKH PRVW LPSRUWDQW DQG FUXFLDO VWHSV RI
FODVVL¿HUGHVLJQZH LQFOXGHGDWDSUHSURFHVVLQJFKRLFHRISURSHUFODVVL¿FDWLRQDQGIHDWXUHVHOHFWLRQPHWKRGV)RU
WKDWUHDVRQZHFRPSDUHUHVXOWVIRUGLơHUHQWFODVVL¿HUVIHDWXUHVHOHFWLRQPHWKRGVDQGGLơHUHQWQXPEHURIVHOHFWHG
IHDWXUHV2XUFODVVL¿HULVEDVHGRQWKHFODVVL¿FDWLRQV\VWHPSURSRVHGLQ>@DQGLVVKRZQLQ)LJ,WLVLPSRUWDQWWKDW
VXFKDFODVVL¿FDWLRQV\VWHPFDQDOVREHXVHGIRURWKHUGDWDVXFKDVWKHELRPHGLFDOLPDJLQJGDWD>@

)LJ&ODVVLILFDWLRQV\VWHPVFKHPH
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:H KDYH FRPSDUHG WKH IROORZLQJ W\SHV RI FODVVL¿FDWLRQ 'LDJRQDO /LQHDU 'LVFULPLQDQW $QDO\VLV FODVVL¿HU
'/'$>@DQG6XSSRUW9HFWRU0DFKLQHVPHWKRG690>@$GGLWLRQDOO\ZHXVHGIROORZLQJIHDWXUHVHOHFWLRQ
DOJRULWKPV WKH*6PHWKRG SURSRVHG LQ >@%66:66VWDWLVWLFVZKHUH%66 GHQRWHV WKH EHWZHHQJURXS VXPRI
VTXDUHVDQG:66WKHZLWKLQJURXSVXPRIVTXDUHVDQG3/6PHWKRG>@,QDOOFDVHVWKHRQHYHUVXVRQHDSSURDFK
ZDVXVHGEDVHGRQWKHVFKHPHRQ)LJ

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:HGRQ
WGLVFXVVDERXWNHUQHO IXQFWLRQEHFDXVH LQRXUFDVH WKHEHVW UHVXOWVZHUHREWDLQHGIRU WKH OLQHDUNHUQHO
IXQFWLRQ    7. Z [ Z [ & & & & 
/'$DQG'/'$PHWKRGV
7KH VHFRQG FODVVL¿FDWLRQPHWKRG WKDWZH KDYH XVHG LV /LQHDU'LVFULPLQDQW$QDO\VLV 7KH SULPDU\ SXUSRVH RI
/'$LVWRVHSDUDWHVDPSOHVRIGLVWLQFWJURXSV(DFKVDPSOHJURXS LS KDVDFODVVPHDQ
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E Z6 6)  )/    
,Q'/'$WKHFRYDULDQFHPDWUL[ LV LVHVWLPDWHGE\WKHGLDJRQDOFRPPRQVDPSOHFRYDULDQFHPDWUL[&RYDULDQFH
PDWUL[LVGLDJRQDOZLWKHDFKGLDJRQDOHOHPHQWEHLQJWKHSRROHGVDPSOHYDULDQFHRIWKHFRUUHVSRQGLQJSUHGLFWRU
5HVXOWV
,Q WKLV VHFWLRQ ZH FRPSDUH GLơHUHQW ZD\V RI GDWD LQWHJUDWLRQ GLơHUHQW PHWKRGV RI FODVVL¿FDWLRQ DQG IHDWXUH
VHOHFWLRQ7DEOHSUHVHQWVFODVVL¿FDWLRQDFFXUDF\RI'/'$DQG690FODVVL¿HU
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7DEOH7DEOHRIERRWVWUDSEDVHGDFFXUDF\UDWHIRUGL൵HUHQWGDWDW\SHDQGPHWKRGV
 &ODVVL¿FDWLRQPHWKRG 6HOHFWLRQPHWKRG 0HDQDFFXUDF\UDWH FRQ¿GHQFHLQWHUYDO
&KLS6HT '/'$ 3/6  
0LFURDUUD\ '/'$ %66:66  
3URWHLQV '/'$ %66:66  
$OOGDWD '/'$ *6  
0LFURDUUD\&KLS6HT '/'$ *6  
0LFURDUUD\3URWHLQ '/'$ *6  
&KLS6HT3URWHLQ '/'$ 3/6  
&KLS6HT 690 *6  
0LFURDUUD\ 690 *6  
3URWHLQV 690 %66:66  
$OOGDWD 690 *6  
0LFURDUUD\&KLS6HT 690 *6  
0LFURDUUD\3URWHLQ 690 *6  

,Q DOO FDVHV WKH EHVW UHVXOWV ZDV REVHUYHG IRU WKH '/'$ FODVVL¿FDWLRQ PHWKRG )RU WKDW UHDVRQ DOO RWKHU
FRPSDULVRQLVGRQHIRU'/'$FODVVL¿HU7KHFODVVLILFDWLRQDFFXUDF\LVREWDLQHGE\LQYHVWLJDWLRQRIWKHDFFXUDF\UDWH
HVWLPDWHGE\WKHERRWVWUDSWHFKQLTXH>@7KHUHVXOWVDUHVKRZQRQ)LJ

)LJ%RRWVWUDSEDVHGFODVVL¿FDWLRQDFFXUDF\ZLWKWKHFRQ¿GHQFHLQWHUYDOIRUGL൵HUHQWIHDWXUHVHOHFWLRQPHWKRGV
7KHEHVWDFFXUDF\UDWHREWDLQHGIRUPHUJHGGDWD 0LFURDUUD\DQG3URWHLQGDWD LVDOVRVLJQL¿FDQWO\KLJKHU WKDQ
DFFXUDF\ UDWH IRU VLQJOH GDWD DQDO\VLV 0LFURDUUD\3URWHLQ DFFXUDF\ UDWH YHUVXV EHVW UHVXOW IRU VLQJOH GDWDVHW
0LFURDUUD\GDWDVHWFRPSDULVRQWWHVWSYDOXH 
)LJXUHSUHVHQWVFODVVL¿FDWLRQDFFXUDF\RI'/'$FODVVL¿HU7KLV¿JXUHVKRZVKRZWKHDFFXUDF\GHSHQGVRQWKH
LQFUHDVHGQXPEHURIXVHGIHDWXUHV)RU'/'$FODVVL¿HUWKHEHVWUHVXOWVZHUHREVHUYHGIRUWKH*6IHDWXUHVHOHFWLRQ
PHWKRG
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
)LJ%RRWVWUDSEDVHGFODVVL¿FDWLRQDFFXUDF\E\VXFFHVVLYHJHQHVHWUHGXFWLRQVHOHFWHGIRUGL൵HUHQWIHDWXUHVHOHFWLRQPHWKRGVRIWKHEHVW
FODVVL¿HUIRU0LFURDUUD\3URWHLQGDWDVHW
:HDOVRSUHVHQWUHVXOWVRIIHDWXUHVHWVVWDELOLW\DQDO\VLV)LJ,QJHQHUDOWKHUHDUHWZRGLơHUHQWDSSURDFKHVWR
PHDVXUHWKHVWDELOLW\RIJHQHOLVWV7KH¿UVWDSSURDFKWDNHVLQWRDFFRXQWRQO\WKHFRQWHQWRIJHQHOLVWVDQGLJQRUHV
WKHJHQHRUGHU7KHVHFRQGRQHGRHVQRWLJQRUHWKHJHQHRUGHURQFRPSDUHGOLVWV2QHRIWKHPRVWIUHTXHQWO\XVHG
KHUHFULWHULDLV WKH3HUFHQWDJHRI2YHUODSSLQJ*HQHV32*>@EHORQJLQJWRWKH¿UVWFODVVRIVWDELOLW\PHDVXUHV
2Q)LJZHKDYHFRPSDUHGWKHVWDELOLW\IRUDOOWHVWHGIHDWXUHVHOHFWLRQPHWKRGV
7RYLVXDOL]H WKH VWDELOLW\ RI WKHRUGHUHGJHQH OLVWVZHSORW WKHER[SORWV RI HDFK JHQH UDQN LQ WKH OLVW / DJDLQVW
UDQNVLQDOO E ERRWVWUDSLWHUDWLRQOLVWV B  / E E % :HVHW WKHOLPLW WRGHWHUPLQHZKLFKSRLQWVDUHH[WUHPHWR
WKHUDQNRXWRIWKHJJHQHOLVW)LJ
5HVXOWV
,Q WKLV ZRUN ZH SURSRVHG DQ LQWHJUDWHG DQDO\VLV RI ELRORJLFDO GDWD IURP GLIIHUHQW PROHFXODU ELRPHGLFDO
WHFKQLTXHV$VWKHWHVWGDWDZHKDYHXVHG%UHDVW,QYDVLYH&DUFLQRPDGDWD)RUWKHVDPHWLVVXHVZHKDYHFRPSDUHG
FODVVLILFDWLRQUHVXOWVIRUJHQHH[SUHVVLRQPLFURDUUD\&KLS6HTDQGSURWHLQDVVD\H[SHULPHQWVREWDLQHGIRUWKHVDPH
SDWLHQWV JURXS +RZHYHU ZKHQ ZHPHUJH WKHVH GDWD WKH ELJJHVW SUREOHP LV WKH KXJH QXPEHU RI IHDWXUHV ZLWK D
OLPLWHGQXPEHURIVDPSOHV)RUWKDWUHDVRQWKHIHDWXUHVHOHFWLRQVWHSLVFUXFLDOLQKLJKGLPHQVLRQGDWDFODVVLILFDWLRQ
SUREOHP
,Q VRPH FDVHV ZKHQ ZH KDYH XVHG ZURQJ IHDWXUH VHOHFWLRQ PHWKRG ZH KDYH REVHUYHG GHFUHDVLQJ RI WKH
FODVVLILFDWLRQ DFFXUDF\ IRU WKH PHUJHG GDWD ,Q FRPSDULVRQ WR VLQJOH PROHFXODU GDWD DQDO\VLV WKH PHUJHG
0LFURDUUD\3URWHLQ GDWD DQDO\VLV VLJQLILFDQWO\ LPSURYHG WKH FODVVLILFDWLRQ DFFXUDF\ DQG IHDWXUH VHOHFWLRQ VWDELOLW\
LQGH[

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)LJ6WDELOLW\SORWRIFODVVL¿FDWLRQREWDLQHGE\VXFFHVVLYHJHQHVHWUHGXFWLRQVHOHFWHGZLWKDOOIHDWXUHVHOHFWLRQPHWKRGVRIWKHEHVWFODVVL¿HUIRU
0LFURDUUD\3URWHLQGDWDVHW

)LJ6WDELOLW\LQGH[RIWKHFODVVL¿HURQWKHWHVWHGIHDWXUHVHOHFWLRQPHWKRGVIRUXVHGGDWDVHWV
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